Postantibiotic effects (PAEs) of rifapentine, isoniazid, and moxifloxacin against Mycobacterium tuberculosis ATCC 27294 were studied using a radiometric culture system. Rifapentine at 20 mg/liter gave the longest PAE (104 h) among the drugs used alone. The combinations of rifapentine plus isoniazid, rifapentine plus moxifloxacin, and isoniazid plus moxifloxacin gave PAEs of 136.5, 59.0, and 8.3 h, respectively.
Postantibiotic effect (PAE) refers to the continued suppression of bacterial growth following limited exposure of organisms to an antimicrobial agent (3, 24) . The significant PAE of a single drug or a combination of drugs may allow wider dosing intervals without the loss of therapeutic efficacy (8) . In managing patients with tuberculosis, administration of drugs at intermittent intervals would reduce cost and possibly toxicity of drugs, as well as enhance adherence through greater feasibility of directly observed therapy (13) . Earlier work a few decades ago on pulsed exposure of rifampin and isoniazid for 6 to 96 h provided some therapeutic hints on such issues (9) (10) (11) (12) .
We have examined the PAEs of rifampin, isoniazid, amikacin, streptomycin, ethambutol, ofloxacin, and pyrazinamide against Mycobacterium tuberculosis in a previous study (6) . We subsequently embarked on this study to assess the PAEs of rifapentine, moxifloxacin, and isoniazid. The former two agents could be regarded as new antituberculosis drugs.
The standard strain of Mycobacterium tuberculosis H37Rv (ATCC 27294) chosen for this study was susceptible to all three drugs tested. The MICs of rifapentine, isoniazid, and moxifloxacin against the standard strain of M. tuberculosis were 0.125, 0.06, and 0.25 mg/liter, respectively, as determined by the broth macrodilution method. The PAEs of the three antituberculosis agents were assessed using drug concentrations falling into the likely therapeutic ranges in humans (7, 17, (19) (20) (21) : rifapentine (10 to 20 mg/liter), isoniazid (2 mg/liter), and moxifloxacin (1 to 2 mg/liter). Rifapentine and moxifloxacin drug powders for testing were gifts from d'Aventis Pharmaceutical International (Romainville, France) and Bayer Pharmaceutical (Wuppertal, Germany), respectively. Isoniazid drug powder for testing was purchased from Sigma (St. Louis, Mo.). The stock solutions were prepared in appropriate solvents, stored at Ϫ70°C in 1.0-ml aliquots, and used within 6 months. For each experiment, aliquots of the stock solutions were thawed and subsequently diluted in Middlebrook 7H9 broth supplemented with 2% glycerol and 10% oleic aciddextrose catalase (Difco Laboratories).
The PAEs of the three drugs alone and in combination were determined using a previously established radiometric culture method (14) . A homogenous suspension of bacterial cells matching that of McFarland standard 1 was obtained from a 3-week-old culture and stored at Ϫ40°C in 1.0-ml aliquots. For each experiment, a single vial of cells was thawed quickly at 37°C and inoculated into 10 ml of BACTEC 12B medium supplemented with 2.5% Panta reconstituting fluid. This suspension was incubated for 15 days at 37°C for use as the inoculum, which contained mycobacteria in the late logarithmic phase of the growth curve. Prior to use, the seed vial was sonicated for 3 min in a Branson ultrasonic water bath in order to minimize bacterial aggregates. Nine milliliters of the various drugs, with concentrations equivalent to 4 to 160 times the MICs of the different drugs, either alone or in combination, and a drug-free control were inoculated with 1.0 ml of the prepared seed (final inoculum, 2 ϫ 10 6 to 7 ϫ 10 6 CFU/ml). After 2 h of incubation, drug removal was accomplished by a 1:1,000 dilution (1.0 ml in 9.0 ml and then 0.05 ml in 4.95 ml) into fresh prewarmed BACTEC 12B medium supplemented with 2.5% Panta reconstituting fluid. Controls containing similarly diluted drugs and serial dilutions of previously unexposed organisms were included to monitor any residual antibiotic effects and killing effects. All experiments were carried out thrice in duplicate on different days. Inoculated BACTEC vials were incubated and read daily on a BACTEC 460 instrument until the BACTEC growth index (GI) reached 999. The viable numbers of organisms, immediately before and after drug exposure, were determined by plating appropriate dilutions onto Middlebrook 7H11 agar slopes in screw-cap flasks. The agar slopes were incubated for 3 to 4 weeks, and colonies were counted.
Quantitation of PAE employing the GI readings was calculated using the formula PAE ϭ T Ϫ C, where T and C represent, respectively, the time for the exposed (T) and control (C) cultures to reach the cumulative GI values of 100 (16) . A set of representative graphs on the demonstration of PAE of rifapentine (10 mg/liter), isoniazid (2 mg/liter), and moxifloxacin (2 FIG. 1. (A) Regrowth curves of M. tuberculosis H37Rv following 2 h of exposure to rifapentine (10 mg/liter). E, cumulative GI of residual control; ࡗ, cumulative GI of exposed culture. The time interval between cumulative GI lines (arrows) denotes the PAE. (B) Regrowth curves of M. tuberculosis H37Rv following 2 h of exposure to isoniazid (2 mg/liter). E, cumulative GI of residual control; ࡗ, cumulative GI of exposed culture. The time interval between the lines (arrows) denotes the PAE. (C) Regrowth curves of M. tuberculosis H37Rv following 2 h of exposure to moxifloxacin (2 mg/liter). E, cumulative GI of residual control; ࡗ, cumulative GI of exposed culture. The time interval between the lines (arrows) denotes the PAE. mg/liter) is shown in Fig. 1A, B , and C, respectively. Killing effects were detected after 2 h of exposure to some of the drugs used individually and in combinations. To avoid overestimation of PAEs, appropriate diluted unexposed controls with inoculum size closest to the respective exposed culture as well as similarly diluted drug controls were selected for the calculation. The PAEs shown in Table 1 represent net PAEs corrected for residual antibiotic effects and killing effects.
Rifapentine was found to have the longest PAE (89 to 122 h). Furthermore, the PAE at 20 mg/liter of the drug appeared longer than that at 10 mg/liter, perhaps reflecting concentration dependence. The PAEs of rifapentine at therapeutic concentrations thus appear (at least) equivalent and might even be superior to those of rifampin (6) . Isoniazid only produced a detectable PAE (Ͻ24 h), which corroborated the result of our previous study (6) . Moxifloxacin was found to have insignificant PAE at the concentration of 1 and 2 mg/liter. This also somewhat corroborated that found for ofloxacin (6) . In combination, rifapentine and isoniazid produced the most impressive PAE (137 h), suggesting probable synergistic prolongation of PAE between the two drugs. Rifapentine plus moxifloxacin furnished a lower PAE (59 h). However, there was no statistical difference in the observed PAEs between the above two combinations, or between both combinations and rifapentine alone at 10 mg/liter (for all, P Ͼ 0.05). The combination of isoniazid and moxifloxacin gave a detectable PAE of only 8 h, which might represent that of isoniazid alone. Based on the findings for PAEs of drugs in this present study, the currently recommended once-weekly administration of rifapentine and isoniazid as continuation therapy for tuberculosis (1, 2, 23) , following upon the initial phase of daily or thriceweekly administration of rifampin, isoniazid, pyrazinamide, and ethambutol-streptomycin, would appear justified. Pharmacokinetically, rifapentine also advantageously enjoys a longer drug elimination half-life compared to rifampin (5) . On the basis of PAE, rifapentine and moxifloxacin coadministration might also warrant further exploration as an alternative to rifapentine plus isoniazid in the continuation phase of treatment. This combination may offer a therapeutic advantage, as moxifloxacin has been found to possess sterilizing activity (15) , which is lacking with isoniazid (22) . Indeed, once-weekly rifapentine and moxifloxacin regimens have been demonstrated to be effective in the mouse model (18) . However, moxifloxacin does not appear to be a suitable candidate for replacing rifapentine in the continuation treatment regimen of tuberculosis as suggested by our PAE findings. Although one can still con-jecture that the PAE of moxifloxacin might be somewhat improved by using a higher concentration of 4 mg/liter for moxifloxacin, which is currently suggested as the C max for therapeutic dosing of this fluoroquinolone (4), it is doubtful that such improvement, if any, would be sufficient to alter the present conclusions materially. 
